-further improve patient salvage.
D
injury has made possible the identification of both the airway and vascular responses evoked by smoke inhalation. Inflammatory occlusion of terminal bronchioles and necrosis of the endobronchial mucosa render the airway and pulmonary parenchyma susceptible to infection and the resulting pneumonitis further increases mortality. Early diagnosis, best achieved by endoscopic 0 bronchoscopy and I xenon ventilation perfusion scan, permits timely (, application of high-frequency ventilation that appears to reduce the incidence
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of pneumonia and Lo decrease mortality. Pharmacologic agents give promise of ameliorating the deleterious changes of the vasculature. The recent advances in understanding inhalation injury have identified the research needed to I) -further improve patient salvage.
< 90
The incidence of inhalation injury increases from less derived by a stepwise logistic regression. Prediction of than 10% in patients with a mean burn size of 5% of the the presence of inhalation injury, using the formula Y o total body surface to more than 80% in patients with a -4.4165 + 1.61 (CLSP) + 1.77 (FB) + 0.0237 (TRS) + mean burn size of 85% or more of the total body surface 0.0268 (A), closely approximated the observed inc. ence and is present in approximately one third of patients of inhalation injury in 1,058 consecutive burned patients treated at burn centers. The inflammatory tracheobron-treated at the U.S. Army Institute of Surgical Re arch chitis that occurs as a consequence of the inhalation of during the years 1980-1984 (1) . Although the f( nula smoke and other irritative products of incomplete com-recognizes the fact that being burned in a closed space bustion increases the mortality of burned patients in generally correlates with the presence of inhalati n inrelation to both age and extent of burn by a maximum jury and that most patients with inhalation injur have of 20%. Slough of the necrotic damaged airway mucosa face burns, certain patients burned in a closed space and denu( the underlying tissue and renders it susceptible most patients with face burns do not have inhalation to miL.obial tracheobronchitis. The subsequent devel-injury. Other clinical signs, such as cough, hoarse "ess. opmert of bronchopneumonia represents the aggregate bronchorrhea, dyspnea, and wheezing, are often ( deeffect f early atelectasis consequent to occlusion of the layed onset (2). Conversely, the presence of carbonaceous small airways due to inflammatory edema, and distal material in the airway secretions, generally a reliable spread of the microbial tracheobronchitis. The frequent indication of inhalation injury, may not be evident at the occurrence of respiratory insufficiency and the high in-time of patient admission to a burn center as a result of cidence of bronchopneumonia (38% of 373 patients rapid clearance of such secretions. treated during a 5-year period) as well as the early onset Chest roentgenograms are profoundly insensitive in of that pneumonia in patients with inhalation injury detecting even severe inhalation injury in the early post-(69% occur within the first week postinjury) emphasize injury period. Clark et al. considered chest roentgenothe importance of early accurate diagnosis (1).
grams taken on the day of injury to be falsely negative in 92% of 106 patients with inhalation injury (3).
PATIENT EVALUATION
The insensitivity of chest roentgenograms and the unreliability of the clinical signs of inhalation injury A predictor of inhalation injury (Y) based on the necessitate use of other diagnostic techniques. The most readily available clinical variables of injury in a closed easily performed reliable diagnostic modality is fiberoptic space (CLSP), presence of facial burns (FB), total extent bronchoscopic examination of both the supra-and inof body surface burned (TBS), and age (A) has been fraglottic airway to identify inflammatory changes and matory changes in the airway mucosa and result in a AIRWAY INJURY falsely negative endoscopic examination (4). Conversely,
The development of an animal model of inhalation chronic bronchitis, present in a heavy smoker, may result injury, in which mortality and changes in pulmonary in a falsely positive endoscopic examination, function are proportional to the dose of smoke, has Bronchoscopic examination may also fail to detect permitted studies of both the morphologic and functional injury caused by the inhalation of a finely particulate changes of the lung caused by such injury (9, 10) (Fig. aerosol since the site of airway deposition of particles 2). Of particular interest have been studies in the ovine with a mass median diameter of less than 0.05 microns model of inhalation injury documenting dose-related is principally in the terminal bronchioles and pulmonary changes in the matching of ventilation and perfusion in parenchyma (5). For that reason, a "'xenon ventilation the lung. Within 24 hours after a moderate inhalation perfusion scan should be performed in any patient sus-injury, the normally well matched ventilation and perpected of having an inhalation injury in whom the bron-fusion of the lung are significantly altered by the apchoscopic examination has been negative. Unequal lung pearance of a poorly ventilated compartment (Va/Q ratio field radiation density and/or retention of the radiola-less than 0.1) in association with a modest elevation of belled gas in the lung field beyond 90 seconds following true shunt (11). This change is entirely consistent with peripheral vein injection of 10 microcuries of radiola-acute inflammatory occlusion of the small airways of belled xenon constitute a positive scan (6). Postburn lung tissue in which blood flow is maintained. Such hyperventilation, which may develop following resusci-occlusion explains at least in part the atelectasis that tation, may produce a falsely negative scan if the scan is occurs in patients with inhalation injury. The adminisperformed beyond the first 48 hours postburn. Con-tration of 100% oxygen to the study animals obliterated versely, chronic bronchitis can produce a falsely positive the low air flow compartment but that effect was accomlung scan.
panied by a twofold increase in true shunt, a change Several pulmonary function tests ranging in sophisti-consistent with alveolar collapse in the involved segcation from the simple measurement of arterial oxygen ments (12). tension to measurement of the maximum expiratory flow
The apparent importance of small airway occlusion volume loop have been correlated with the presence of and alveolar collapse in the development of the compliinhalation injury, but the equipment necessary to per-cations of inhalation injury makes the maintenance of form the more sophisticated tests and the essentiality of ventilation and prevention of atelectasis a primary dinfull cooperation by the patient limit their usefulness (7).
ical concern. In patients with mild injury, incentive The use of fiberoptic endoscopic examination of the spirometry may he sufficient, while patients with more airwayr may cobiato sufithnt whie patieenon venilaio morairway in combination with the "xenon ventilation per-severe injury may require endotracheal intubation and fusion lung scan diagnoses the presence of inhalation mechanical ventilation. The ability of high-frequency injury with 93% accuracy (8) ( Table I) .
ventilation to provide adequate oxygenation at a lower PATIENT MANAGEMENT F10 2 , adequate ventilation at lower peak and mean airway pressures, and increase the clearance of endobron-
The treatment of inhalation injury is guided by the chial secretions has prompted an ongoing clinical trial of severity of the resulting pulmonary insufficiency. In pa-the prqphylactic use of interrupted-flow high-frequency tients with minimal disease, the administration of warm, positive pressure ventilation for patients with inhalation injury (13). The ventilator used in that study has a sliding have included: two cases of extensive subcutaneous emVenturi that provides a high-frequency pulse and en-physema, two cases of necrotizing tracheobronchitis attrains humidified bias gas. Subtidal breaths, the inspir-tributable to inhalation injury per se, desiccation, local atory/respiratory ratio of which can be varied, are pro-increase in airway pressure, or some combination thereof; vided at a frequency of up to 600 per minute. Periodically, and three cases of deep venous thrombosis. These comthe ventilation cycle is interrupted to return the airway plications have prompted a current project to develop an pressure to baseline. The subtidal/baseline ratio can be effective oscillating ventilator for use in adult burned adjusted to manipulate arterial oxygen and carbon diox-patients with inhalation injury. ide tension.
A small subset of patients with inhalation injury will Inhalation injury has been documented in the trial manifest bronchospasm of some degree. In general, such patients by 13.1xenon ventilation -perfusion lung scan or bronchospasm is best treated by the administration of bronchoscopic examination. The need for intubation and an aerosolized bronchodilator such as isuprel or albuterol mechanical ventilation of the study patients has been or systemic administration of aminophylline (7). The use defined by the usual criteria, i.e., a respiratory rate of of steroids for other than severe intractable bronchogreater than 30 per minute, an arterial oxygen tension spasm, as in a severe asthmatic, is contraindicated since of less than 60 torr on an FIO 2 of greater then 0.4, a several studies have shown that the prophylactic use of minute ventilation of greater than 20 liters, an arterial steroids was either ineffectual or associated with an ......... PCO 2 of more than 45 torr, or severe laryngeal edema. increased incidence of infectious complications (14-16). Nine of the first 37 patients studied have expired, a Similarly, the prophylactic use of aerosolized antibiotics significant decrease from the mortality anticip&ted by for pneumonia prophylaxis in patients with inhalation the currently used mortality predictor at the U.S. Army injury remains of unverified effectiveness. A study of Institute of Surgical Research. Concurrently, the occur-aerosolized gentamicin prophylaxis in patients with inrence of pneumonia has been significantly reduced. Com-halation injury demonstrated no effect of such treatment plications related to use of the high-frequency ventilator on occurrence of roentgenographic infiltrates, need for canine model provide further support of the importance mechnicl vntiatio, icidnceof epsi, o motalty.of vascular injury in the pathogenesis of inhalation injury In that study even the recovery of Pseudomonas orga-(2) nisms from the endobronchial secretions was insensitive
The importance of activation of the formed elements to the gentamicin aerosol (14).
of the blood in the pathophysiologic response to smoke Studies by others have either implicated or exonerated inhalation has been assessed in yet other studies. Basadre other pathogenetic factors in the pulmonary response to et al., using an ovine model of cotton smoke inhalation inhalation injury. Nieman et al. identified significant injury, demonstrated that the production of oxygen radsurfactant reduction following smoke inhalation in a icals and antiprotease consumption following the injury canine model as indexed by an increase in mininium could be attenuated by preinjury induction of leukopenia surface tension, a change that may contribute to the (21). Those authors concluded that circulating leukocytes atelectatic sequelae of inhalation injury (17). Conversely, and the release of their cytotoxic metabolites contributed Prien et al. have reported that phosphatidylcholine corn-to the lung injury caused by smoke inhalation. In other position of lung surfactant is normal 24 hours after studies by that same group, the administration of the inhalation injury (18).
cyclooxygenase inhibitor ibuprofen was found to reduce VASCULAR INJURY the lung lymph flow in animals with inhalation injury Direct injury to the vascular side of the alveolocapillary (22). Studies by Prien et al. have demonstrated no inmembrane as well as damage caused by oxygen radicals crease in lung weight of the uninjured lung following insufflation of the other lung with smoke (23). The latter and activation in the pathophysiologic response of the studies have been interpreted as impugning the impor-lung to smoke inhalation. tance of hematogenously mediated pulmonary injury folPersistent clinical problems, as well as those revealed lowing smoke inhalation. Huang and colleagues, using a by the recent advances in the understanding of inhalacaprine model, identified a significant increase in arterial tion injury, define the areas where future research is thromboxane A 2 concentration within 5 minutes of the most needed. Since current diagnostic modalities simply injury in association with a progressive decrease in pe-indicate whether inhalation injury is present and do not ripheral platelet counts, changes that they considered measure severity of injury, a technique by which the indicative of platelet aggregation within the pulmonary severity of inhalation injury and volume of lung tissue microvasculature that were temporally related to an in-involved can be quantified is critically needed to improve crease in extravascular lung water (24). patient stratification in clinical trials. The importance Recent studies, in the authors' laboratory, have impli-of atelectasis in the pathogenesis of the response to cated yet another cytokine, platelet activating factor, in inhalation injury and the changing epidemiology of the the alterations of pulmonary function that occur follow-pneumonitic sequelae speak for prophylactic trials of ing inhalation injury. Platelet activating factor promotes synthetic surfactant and broad-spectrum antibiotics. Acplatelet aggregation, produces vasodilatation, and in-cumulating evidence that activated cells and cytokines creases vascular permeability. This cytokine also induces influence the response to inhalation injury speaks for a bronchospasm and causes neutrophil aggregation and need to evaluate cytokine inhibitors and oxygen radical degranulation with release of lysosomal enzymes. Using scavengers. The development of a standard animal model the previously described ovine model of moderate inha-of inhalation injury in which anatomic and functional lation injury, Ikeuchi et al. found that pre-and postinjury changes reliably mimic those in man will eliminate speadministration as well as postinjury administration alone cies-specific differences in laboratory studies of pathoof the platelet activating factor antagonist CV3988 main-genesis and treatment. Last, although the prophylactic tained arterial PO 2 and arterial PC0 2 at levels higher use of high-frequency ventilation in patients with inhaand lower, respectively, than in untreated animals (25) . lation injury appears promising, the limitations of availThe animals treated with the PAF antagonist also had able devices speak for the development of improved significantly lower dynamic resistance and significantly mechanical ventilators. Meeting these research needs by higher static compliance compared to untreated control technological solutions to the problems of diagnosis and animals (Table II) . In the antagonist-treated animals ventilatory support, development of improved means of blood flow to the low Va/Q compartment and to true infection prevention and control, and identification of shunt were both significantly decreased. Last, examina-effective pharmacologic regimens to modify the airway tion of pulmonary tissue obtained at autopsy in the PAF and vascular responses will further reduce the morbidity antagonist-treated animals showed marked decrease in and mortality associated with inhalation injury, the sinatelectasis, vascular congestion, and intrapulmonary pol-gle most important co-morbid factor in severely burned ymorphonuclear leukocyte accumulation. patients today. Sciences, have significantly advanced our understanding Surg., 205: 82-87, 1987. of inhalation injury during the past decade. Identification Recent studies have implicated products of cell injury 9. Shimazu, T., Yukioka, T., Hubbard, G. B., et al.: A dose-responsive model of smoke inhalation injury: Severity-related alteration in arachidonic acid with a cyclooxygenase/lipoxygenase inhibitor cardiopulmonary function. Ann. Svrg., 206: 89-98, 1987. would that drive the arachidonic acid back into the phospho-10. Shimazu, T., Ikeuchi, H., Hubbard, G. B., et al.: Smoke inhalation lipid and could that theoretically then inhibit the release of injury and the effect of carbon monoxide in the sheep model. J.
PAF? If that is possibly true, could that explain some of the Trauma, 30: [170] [171] [172] [173] [174] [175] 1990 . 11. Shimazu, T., Yukioka, T., Hubbard, G. B., et al.: Inequality of survival studies with cyclooxygenase or eicosanoid inhibition VA/Q ratios following smoke inhalation injury and effects of described for different shock states? angiotensin analogue: Part I, Multiple inert gas elimination DR. MAIER: The quick answer is, yes, I think theoretically technique using a gas chromatography-mass spectrometer. An-that is quite possible because, as you say, the breakdown of nual Research Progress Report, U.S. Army Institute of Surgical PAF is more efficient than the formation. Once it is formed, Research, Fort Sam Houston, TX, 1985, pp. 430-444, the deacylation with addition of arachidonic acid back to the 12. Shimazu, T., Ikeuchi, H., Hubbard, G. B., et al.: Inequality of VA/ C-2 carbon is very efficient, In fact, 80 to 90% of the breakdown Q ratios following smoke inhalation injury and effects of angio-of PAP ends up with arachidonic acid as the lyso-PAF. I think tensin analogue: Effects of positive end-expiratory pressure you are right that if you shut down cyclooxygenase so the (PEEP) and oxygen on ventilation-perfusion (VA/Q) distribution after smoke inhalation injury. Annual Research Progress arachidonate is available for that process, that it probably does Report, U.S. Army Institute of Surgical Research, Fort Sam help down regulate the system. Houston, TX, 1987, pp. 214-231. The problem with that theory though is that if you look at 13. Cioffi, W. G., Graves, T. S., McManus, W. F., et al.: High-frequency the stimulated cell from inflammatory stimuli, it also up regupercussive ventilation in patients with inhalation injury. J. lates protein kinase C. And protein kinase C phosphorylates Trauma, 29: 350-354, 1989 , the deacetylation process and down regulates it so therefore it 14. Levine, B. A., Petroff, P. A., Slade, C. L., et al.: Prospective trials prolongs the activity of the PAP and its survival. So, the theory of dexamethaxone and aerosolized gentamicin in the treatment is good. I can't tell you where the net balance would come out of inhalation injury in the burned patient. J. Do you thnk thatt [208] [209] [210] [211] [212] [213] [214] [215] 1988 . Do you think that there is some common pathway here 22. Kimura, R., Traber, L., Herndon, D., et al: Ibuprofen reduces the where there is one receptor that you are looking at or, in fact, lung lymph flow changes associated with inhalation injury. Circ. do you think that there are two receptors? Because with the Shock, 24: 183-191, 1988. data that you showed in conjunction with what I just men-23. Prien, T., Linares, H. A., Traber, L. D., ot al.: Lack of hematogetioned, I really wonder if there are two different receptors that nous mediated pulmonary injury with smoke inhalation. J. Burn are acting on different parts of the endotoxin molecules. That Care Rehabil., 9: 462-466, 1988. may explain some of the disparate results that I think many of 24. Huang, Y.-S., Li, (A. 0.) N., Yang, Z. C.: Effect of smoke inhalation us in the room may have seen in looking at this in vitro. injury on thromboxane levels and platelet counts. Burns, 14: 440-446, 1988 . DR. MAIER: I think there are at least two different receptors. 25. Ikeuchi, H., Sakano, T., Mason, A. D., Jr., et al.: The effect of I guess you can be either in the camp that there is a putative platelet-activating factor (PAF) anL. a PAF antagonist (CV3988) endotoxin receptor or there is not. I personally don't think on smoke inhalation injury using an ovine model-Physiologic there is one but a lot of people believe that there is. Actually, change. Presented at American Burn Association Annual Meetmy own data with competitive inhibition actually look like it is ing, Las Vegas, NV, 28-31 March 1990.
competing for a specific membrane receptor and would actually 26. Herndon, D. N., Barrow, R. E., Linares, H. A., et al.: Inhalation support that there is one. injury in burned patients: Effects and treatment. Bumns, 14: Doctor Ulevitch, on Saturday, I am sure in his discussion 349-356, 1988. will present the binding to the lipopolysaccharide binding protein which is the acute phase protein that is seen after all stress DISCUSSION OF SECTION ON PULMONARY states. Actually, the studies that he has done very nicely show INJURY that, as I showed you, as you change the lipid A portion of endotoxin, not only do you not lose the ability to stimulate the DR. MYERS: Stuart Myers from Houston. I have a theoretical macrophage but you also do -not lose the ability to bind to the question for Doctor Maier. Based on some of the data that lipopolysaccharide binding protein. Doctor Ulevitch has shown Doctor Pruitt showed with his inhibitor of PAF, one of the very nicely that there is a receptor for the LPS complex and questions I had was, since PAF has to be released, at least then that interaction probably dissociates and the endotoxin arachidonric acid needs to be released with the deacylation step, enters the cell and causes stimulation. at least what I have been told before is that the reacylation What binding to the protein does is to allow the cell to step is actually more active than the deacylation.
recognize that even more efficiently and to get the endotoxin So, the question I have is if you block the utilization of to the membrane surface so it can interact with either a second
